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OPERATING EXPERIKNCE OF
VAULT TYPE DRY STORAGE

AND IT'S RELEVANCE 70
FPUTURE STORAGE NESDS

-

INTRODUCT XON

For many years irradiated fuel has almost universally

been storaed under water prxior to it being reprocessed.
Water provides a ready heat sink for the decay heat removal
and also provides shielding against the highly active
fuel. The original requirements for astorage were ghort
term, the fuel being stored until the decay heat output -
and radiation levels had decayed sufficiently to. allow
transportation in suitable flasks to the r;grocopainq_
facility, (Decay periods in the order of 90-150 dQays.)

There is now an increasing requirement to .atore fuel’

for very much longer periods. Periods up to 10O years

are belng considered. It cannot be denied that to date

there i: far greater experience in the pond system.of

irradiat.1 fuel storage than any other form of storage..

Howaver, .t is necessary to take into account the fact

that the early design of pond installations took plac=e

bafora the design parameters for irradiated fuel stor. e

facilities became so exacting, It is not suggested tl.t

pond type installations cannot be built to the necessary

safety standards but rather that when conaidered against

. the lataest dps;gnhqggcﬁtiantionu other forms of stovage - .
are likely to give bgtter overall optimimation of requirements,

In addition to the considerable experience in the design
and operation of dry storage in the UK it is also necessary
to highlight the fact that fuel has been handled 'dry’
almost without exception since the advent of nuclear
power in Great Britain, This tremendous wealth of design,
manufacture and operating experience of dry fuel hgndling
machinery has enabled us to conzidont1¥ produce géneric
designs of dry fuel handling machines for handlifg irtadiated
light water reactor fuel between reactor atorage pPaols: _
"and the dry storage facilities. This ia very relevant,
no matter whether these be vault or cagk type stéores . -
located at the reactor or away from the reagtor.: ' =~ - -

WYLFA CO, DRY 8 CBLLS, DESIGNATED CE 1,
The concept of dry storage of irradiated fuel is not
new, The Wylfa magnox power station situated in North'
Wales was designed with three dry storage modules when -
construction commenced some 18 years ago. These dry - -
stores each have a capacity of 83 tonneas and they are: .. .I%
cooled by completely passive means. The irradiated. fual & -
elements discharged on load from a reactoér by a Muelling.
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3.8

' poat Irradiation Bxamination (PIE) ot fuel hgv ﬂv@g&il :

,

Aachine are stacked 12 high in tubes connected at the
upper ends to a vesscl containing the loading chute.

This chute distributes the fuel from the central access
standpipe to the tubes. The atmosphere within the tubes
is CO, at a nominal pressure of 3 psig and a purity of

at least 99.8%. The primary mode of ddcay heat removal
fxom the fuel is by radiation to the tube wall, conduction
thrg:qh the tube and then by natural thermosyphon air
cooling.

A CO, atmosphere was chosen, as the limiting temperature for
both uranium and magnox in CO, is about 600°C, whereds in
air, the limiting temperature for uranium oxidation is 250°C.
Very low concentrations of air, eq, 0.2% could résult in

the oxidation of exposed uranium, if it were pregent, at

a rate approaching that of 100% air. Thus, a very high CO,
purity is required in order to allow the cells to acccpt
fuel direct from the reactors.

The oparation and performance of these cells has been’
very satisfactory since thay first came into opo:atlonul
sarvice some® 10 years ago,

OPERATIONAL EXPBRIENCE WITH CEBLLS 1, 2 agg 3

The completely passive cooling regina has- provnd to be
completely reliable. ,

The manning requirement has been limited to the pc:aonnal i
necessary to carry out the CO, purity checks. rrequoncy C
of cheocks, approximately once per week.

During operations to date many vurious heat load conditions

. from part load to full load have been experienced and

the satisfactory performance of the store has beeén dqnonutrated.
No detectable effects in store performance due to wind

conditions have been found hlthough the winds can gust , ., .

at up to 130 KPH in this very exposed’ looatton. : .

The materials of construction of the store havo ‘been . .

demonstrated to have an adequate life, even though tlese L.
cells have their natural conveotion air inlet vithin o
100 metres of the sea. _ R ¥

The Cells 1, 2 and 3 do not contribute any otgn}t'La"t;s
amount to the total station man-8v commiﬁnont,

Durinq testing and operation of these : leorud pt T
it has been demonstrated that the maximum meéasfiyy pel.
element temperatures are slightly lower than .th n‘ pxudictod
theoretically during the design process.i JT-.,. _

time of up to 4 years has shown it to be in p:t
condition and indeed licencing approval has beéeh- obtained
to allow this fuel to be reloaded into the reactor 1£
necessary for further irradiation.

However, Cells 1, ‘2 and 3 had one. drawback,: igi
Generally, the CEGB's magnox station: with ooo.

-----



628°C 1in dry air, _
‘Also to inhibit the formation of uranium hy&fia;}

. , RN
Thus, the following are the fuel design criteria for - -

have an average storage capacity of about 1 Te/MW of
stat’'on output whereas at Wylfa it was about 0.3 Te/WW.
Also Wylfa's throughput of irradiated fuel 1is about one
quarter of the total arisings of the CEGB's magnox stations.
Experience showed this capacity to be inadequate in the
event of limitations in flask traffic or throughput at
BNPL's, Sellafield reprocessing plant. : .

THE WORLD'S FIRST C RCIAL AIR FI V. RY_STORE

Because of the above limitation, and Wylfa being the

only atation where fuel is handled and stored dry prior

to loading into transport flasks, it was decided in 1976
to increase on gite storage of irradiated fuel. Bearing

in mind that the existing CO, cells can accept freshly
irrxadiated fuel direct from the reactors, these cells
ocould be used as a decay store such that an air environment
could be used for additional storage without exceeding

fuel limiting temperatures, as discussed lhielow:

Design and Safety Critexia

Air was chosen as the environment for the fuel in order
to eliminate the requirement for a store liner to seal.
to abgolute atandards. Although the construction of

the liner iz to high standards, and it is demons¢rated

to be leak tight on completion, it is very diffigult

to demonstrate that over very long periods the structyre
remains ahsolutely leak tight. The atmosphere within

the atore is maintained at a slight depression by means
of an exhauster system discharging to atmosphere via

a comprehensive filter system provided with generous
redundancy. Should a slight leak develop in the store
envelope it is readily recognised by a reduction in the
store depression and remedial action can be taken. ' Obviously
any leakage that does ocour will always be .into- the cell
and not contamination outwards.

The uranium ignition linittng temperatures of 150°C for
saturated air and 300°C for dry air wera set after consideration -
of existing experimental data. This data d.nonqi:&nq'_= ' IR
that for irradiated uranium, the oxidation rate.for the

aone of highest irradiated swollen uranium at 23Q°¢,

is well below the characterxistic of delaxod ignition;

and to date, no delayed ignition of irradiat y;fg:d;;onc

are known below these temperatures. In the abge Qﬁ
exposed uranium, the temperature limit would be Ny by
the ignition of magnox, ie, 610°C in aatqtpg.da§%“1§ﬁa

cause spontaneous ignition in the event of Fuel .d: zi”
during handling, it is necessary to prqv.nggopnd_"!__;on
within the storage cell. This is achieved by means of

a dehumidification plant.

the air filled store:

T > 33
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4.2

a the maximum fuel element temperature under normal
perating conditions will not exceed 150°C

b the maximum fuel element temperature under the worst
credible fault conditions will not exceed 2oo°c

e there is no condensation under the lowest credible
temperature conditions (25°C)

d during normal operating conditions the moistuxe level
will be less than 30,000 vppm watar or 30% relative '
humidity, whichever is the lesser, _

Thus the margins before uranium ignition could occur

is at least 50°C and for magnox ignition it is at least
400°C. There are no known magnox ignition inoidents

as a result of uranium ignition.

Design Prinoiples
It was decided t6 build two storage cells each with a
capacity of 330 Te uranium. As it would be’ fiible

to guarantee that the cell storage chamber could remain
absolutely sealed throughout its life the atmosphere

of the store should be subatmospheric t¢ gr.v.nt outleakage
of any contamination as previously desor.

Natural convection was chosen £oxr cooling the fuel within -
the store. An inherent advantage of natural convdotion
cooling is tiat the cooling air does not nead to be guided
to the hot fu'l. By careful design, it can bhe arranged
that the fuel “vaws cooling air according to its needs.
The higher the i=2at output from the fuel, the greater
the bouyancy head and hence the greater the ooollnq flow.

The bulk heated air is then recirculated. 1tl heat .

removed by a conventional fan and heat exc¢ y'ton
enmbodying adequate rcdundancx Five such. fan :xohanger
units are provided of which four are used for no

operation. When freshly irradiated fuel is.repoved from
t e reactor (deca { heat typically in_ the oxder of | )
it is stored in the extst ng CO, cooled dry store o
for at least 150 days so that the deoa hoat L.
to a level acceptable to the air cooled dry ltggsﬁ*_
heat output from a .ak rated fuel element 1n t '
having decayed for 1350 days is approxim; tol
inoluding & 20% margin. The gamma radiation
output ratio was thoroughly investigated !ox
various burn-up and decay conditions. Rnowing
for maximum burn-up, it was possible to ax .
for gamma outgut corresponding to the maxis
value for a thermal output of 46 watts,
for drift, and calibration of instrumentatiy
rating of an element that can enter the: sto
than 60 watts. Thus, as it is desired to s §
on the maximum possible thermal rating of f
for storage, it is only necessary to monitox the
activity of the elements. This ia qehxqvu¢ Qy~ '
the transfer machine (which -transfers . !up




for Cell 3. The working area for the f

the gamma dose rate corresponding to the heat output

of the fuel. The gamma dose rate chosen allows the detectors
to be set to reject fuel which has a higher output than

the predetermined limit. The allowable heat rating of

the fuel in the store and thus the temperature limitations
are in this way satisfled, '

The equipment within the store is designed to eliminate

the need for maintenapnce. 8uch components that do require
maintenance are provided with maintenance equipment designed
to minimise radiological hazards in the maintenance areas.

The irradiated fuel is adequately shielded during the
transfer operations from the CO, to the air 'cells and
in the air cells by the required thickness of reinforced

concrete.

Equipment and components are designed to prevent fuel

alement damage at all stages of handling and storaga,

The design i3 assessed for hazarda, the severity of the
hazard determines the dagree of protection required, S
ie,, integrity of interlocking. Any plant capable of : oo
shearini a fuel element, is, in addition, fitted with ;
torque limiting devices and provision made to minimise ~
the damage in the event of' a fuel element being dropped. P
All electrical and cooling water supplies are duplicated »
and on segregated routes. «

LAYOUT OF PLANT

Limitation of Physicql Parameters for the Wylfa Store

An important aspect df the construgtion of the a;ﬁ cooled
fuel stores at Wylfa was that the design and construction
had to be closaly integrated with the existing power

' station. The design and construction of .the nevw. .atares. .. .

was successfully carxied out without any interruption

to the operation of the existing power station although
they are closely associated structurally and operationally
with the existing plant. : :

Tha requirement to ensure this compatibility with the "
existing structures has led to an embodiment of the principles

outlined above which is less than optimum in gsome aspects i
of the store itself. : :

The Wylfa Reactors are the largest magnox reactorsg that _
have been constructed (2 x 590 mw). To move the fuelling -
machines (150 Te) arqund the charge face by means of

a conventional crane arrangement involving such a . large
span would have required significantly more expensive :
structural requirements than a remotaly operated transporter
system, and so this is the system that was adopted when
the station was originally conceived. This transporter
system gave a partidular problem when it became rigcessary . -
to choose the site for the new store (Cell 4) and;also: @ .
it had a significant effact on the resUﬁtan;_qnvg'Q e - ..

_ . elling nAdhinery

and transporters is shown diagramatically in’' Pigyyd
puring the initial ognstruction of ‘the station, t
area was suitably reinfoxced to enable it to accénmoda
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5.2

5.3

these loads. It can therefore be seen that it would

be extremely difficult for the transporter/fuelling machine
to move to the edge of the building without significant
stiffening of the working £loor over the chosen routae.
Civil work/structural modifications to stiffen the floor
on an operational reactor were highly undesirable as it
waa the intention tq construct the store whilst the reactors
continued in operation. The only option avallable without
structural alterations to the reactor building was to
build a bridge acrose the existing access shaft. One

end of the bridge could be supported on the area of pile
cap already able to take such loads, and the other enad

of the bridge could b rted on an extension to the
proposed new store, auit y designed to take these loads.
In this way, the eranaporter and store transfer machine
:?uld run directly onto the top of the new stors (Cell

A fundamental disadvantage with thie location was the

fact that the original flask handling facility was already
located in this position and the new store would therefore
have to be locataed above this facility. The flask handling
facility had to remain operational throughout the construdtion
of the store which a ded to the problem.

Another disadvantage with thias location was the fact

that the base of the store would have to be located some
13.6m above ground level and this precluded milti-element
stacking within the store. A diagram ehowing the arrangemént
of Cell 4 is given 1n Figqure 10. !

Qutline Deecrigtion oz Wylfa Cells 4 and 3

The dry store is a cohorete box 60m long, llm wide and..

4.5m high with walls that are 2m thick. Six rows of

twenty-£five skips are.positioned across the store. Each

row of skips 1is supported on two drive chains which are

in turn located on rails supported on concrete plinths

running the length of the store. The drive chains penetrate

the walls at each end of the store. The chain driving

system is located outside the store with appropriate S
tensioning devices. A traverse mechanism for moving o
skips from one row to .another is located inside the store s
at each end of the rowa of skips. : i

Bach skip comprises a matrix of blind tubes in a 12 x :
16 axray. The elements radiate heat to the natural conveotion
cooled walls of the tube. The bulk temperature of the :
area within the store is maintained at a satisfactory
temperature by 4 of the 3 heat exchanger unite that reject
up to 750 KW of heat to the reactor ancilliaries cooling
water system.

Construction ang CQmmigoioning

Work commenced on site' in September 1976. The 1n1t1¢1 ' ';
work was to identify apd re-route various existing under- - il
ground services to the station, eg, cables, radicactive

drains, fire mains, etc, in preparation for foundation . i

1
1
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COMPLETELY PASSIVE COOLING SYSTEM IS INHERENTLY RELIABLE.
NEGLIGIBLE MANNING REQUIREMENT WHEN CELLS ARE LOADED.
WIND HAS NO DETECTABLE EFFECT ON STORE PERFORMANCE.

MATERIALS OF CONSTRUCTION HAVE BEEN DEMONSTRATED TO
HAVE ADEQUATE LIFE.

NO SIGNIFICANT CONTRIBUTION TO STATION MAN-Sv COMMITMENT.
ACTUAL FUEL TEMPERATURES LESS THAN THOSE PREDICTED

- THEORETICALLY DURING DESIGN PROCESS.

IRRADIATED FUEL STORED FOR SIGNIFICANT PERIODS IN PRISTINE
CONDITION.

NEGLIGIBLE WASTE GENERATION. |
LICENSING APPROVAL FOR RELOADING INTO REACTOR IF DESIRED.

Figure 7 OPERATIONAL EXPERIEBNCE

_ Figure 8 DESIGN CRITERIA

AIR TO BE THE CELL ENVIRONMENT FOR THE STORED FUEL.
AIR TO BE MAINTAINED AT A SLIGHT DEPRESSION WITH RESPECT

TO ATMOSPHERE TO PROVIDE THE SECOND BARRIER OF THE TWO
BARRIER CONTAINMENT CONCEPT.

MAXIMUM FUEL ELEMENT TEMPERATURE DURING NORMAL
OPERATION LESS THAN 180°C.

MAXIMUM FUEL ELEMENT TEMPERATURE DURING WORST
CREDIBLE FAULT NOT TO EXCEED 200°C.

NO CONDENSATION UNDER LOWEST CREDIBLE TEMPERATURES.

DURING NORMAL OPERATIONS MOISTURE LEVELS TO BE LESS
THAN 60% RELATIVE HUMIDITY.
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piling. .In parallel with this.operation, the civil and
plans aétnil designs were commencéd and long lead iti-ms
of pipment were ordered for manufacture. Throughout
the geign, construction and manufacturing phases the f
civi@Fstructure and items of plant had to be approved ; !
by ‘independent design assessor, a mandatory requirement

of the CEGB's Plant Modification Procedure. Independent
inspection of the plant after installation and prior

to commigaioning was also a requirement. Before commissioning
of the plant could commence all of the relevant commissioning
documentation had to be approved in a esimilar manner.

Commissioning of the plant was basically divided into !
three sections: f

1 Transfer machine
2 In-cell equipment
3 Cell cooling/conditioning equipment. ' ;

Bach section was commissioned independantly of the othex
followed final 1ntogtnted systen commissioning tests.
Before active fuel couid be loaded into the store the
final safety document and commissioning test results had
to be aiprovod by the independent design assessors and
the Nuc ngtallation Inspectorate of the Health and
Safety Exacut.va,

6 PE AL EXPERI

The firat of tha two air cooled stores was commissi.ned
for operational use in September 1979 and was !11100
to capacity (28,992 elements) by September 1981. The
v . .time taken to !111 the stoxe.was dictated h!;ggoxgyional
requirements of the tuolling complex, iey 8
operation of on-load refuelling of the two reactors,
irradiated fuel dispatch in flasks to BNFL for reprocessing
and the transfer o! irradiated fuel to the store. !xporionce
to date has been very good, bearing in mind the novel
of the plant. Breakdowns have been relativaly
it has been in operation. Two breakdowns of
'plant have ocoured which involved working on

5?.‘ egquipment? . *af

Pults on tho chute indexing mechanism which ocourred
on that part of the mechanism within the cell. This
involved withdrawing the intexnal nnchnniln for repair:
and modifications.

This has ocourred on 4 occasions with va 1n amounts A
of irradiated fuel in the store from 2, eletents ' %
to 8,000 elements (early in December 1979, end of e
January 1980 anéd twice in March 1980). The contract W
routine maintsnance equipment, ie, shioldlnq and f 1)
withdrawal ipment designed for routine maintenance i
of the indexing mechaniam was used and dur: RS TR
of the above inoidents, radiation doses. tbfo '&a&oxa o

- was minimal 0.01 mv/hr (1 mr/hx). Also: ;-'
in mind this mechanism is in the most activ. ’ﬁ Tt ISR
of the route, the contamination lev lw on tho h.chaniaﬁ
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wore sufficiently low to anable Ca workin? to be :
caxrried out, 37-370 Bg/cm? (10 ? to 10 uc/cm?), -

2 The second item of plant breakdown occurred on thae
tansfer machine fuel element holst (April 1980).
The hoist drive shaft seized with a considerable
amount of contaminated rope paid out. Again, tadiation
levels during the recovery exercise were minimal,
1.0 m9v (100mr/hx) at the through hole of the machine
but only less than 0.001 m8v/hr (0.1 mr/hr) to the
operator. Contamination levels were low enough to
enable C2 working to bhe carried out during unroping
of the hoist and remedial work of the hoist drive.

GENERAL OPERATING CONDITIONS

All operational areas of the plant at pile cap are classifled
as R2 C2, ie, the same as the reactor pile cap. Operational
areas such as the awitchgear room, pipe room, fan and
filter rooms where monitoring of the plant conditions

ars carried out on a routine basis are uncontrolled zones.
‘The east sprocket room is classified as an R2 C2 area

only because access is via the reactor pile cap which

is an R2 C2 area. The west sprocket room, which has

the same access as the plant room is also an uncontrolled
zone. In these areas, the general radiation level from

the cell is 0,0002 msv/hr (0.02 mr/hr).

Activity of the ciroulating air circuit is very low,
typical values of gaseougsand particulate activity being
less than 0.37 Ba/ml (10 ” uc/ml) and less than 0.37 .
Bgq/m® (10 pc/m?) respactively. Also a typical value

of particulate aotivitxabeing discharged to atmosphere
from the continuous exhaust system is less than 0.037mBq/m’
(1 pe/m?) (of the order of background activity level).

' Typical environiental tondftidns within thé store (full):
ares

Alr inlet temperature to heat exchangers 36°C

Alr outlet temperature from heat exchangers 32°C

Relative humidity 28%

Cell depression 25m bar below
: atmoaphoric @

Cooling water flow to heat exchangers 51/8 .

‘Total power requirement for plant 90 Xw

{fans 73 Kw, exhauster 4,5 KW, dehumidifier 4. 5 KW and
PLC'a 8 KW).

Experience to date with Wylfa Cell 4

1 Activity lovele'within the store circulatory system
and that discharged to atmosphere are at background
levels. -

b
2 Radlation levels to operators during normal oporation d
are extremely low 0.0002 ms8v/hx (O, 02 mx/hr).

3 There is no generation of radioactive slurries slud:@}_~
ion exchange resins, etc, which have to be stofo Lo
and eventually disposed of. The tmall capaoity éomb
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1 ACTIVITY LEVELS WITHIN STORE CIRCULATING SYSTEM ARE AT
BACKGROUND LEVEL.

2 RADIATION LEVELS TO OPERATORS DURING NORMAL OPERATION
ARE EXTREMELY LOW ~ 0.0002 mSv/h.

3 NEGLIGIBLE WASTE GENERATION.
4 MAINTENANCE REQUIREMENTS MINIMAL,

5 LEVEL OF DEPRESSION GIVES ACCURATE INDICATION OF INTEGRITY
OF CONTAINMENT.

Pigure 12  OPERATIONAL EXPERIENCE OF CELL 4

a7:277 mCcT"cnran RANRTTA ~ALA AT LARC IITNECCTDCCH % T

h :mtmmm_wc o e




GEOL

/,/"REPO (NWV

IRRADIATED
FUEL

%
>
REPROCESS g %
REFRDCESS

«

Piqure 13 WHAT 18 THB s:cn:ncmcn of v . fo aBLE TO sgoax
IRRADIATED FUEL FOR umxuu/muu PERYODS?

SAFETY 2
WASTE | Amvoseremc | ¢ B
DOSE RATE GENERATION RELEASES
- IWITY TO sTAFfING ;. LY
RELIABILITY EXPERIENCE EXAMINE PUEL amum#&'l‘s Tl
DENSITY FACTOR moouLEABLITY | | scHEDuLE
cost

Figure 14 AUTHOR'S VIEWS ON P
 USED_TO MBASURE ADEQUACY ' §w
OPTIONS CURRENTLY, BEING €

RPIMR .MM -



el cmwr

P e .t b

filters have been in operation. since the oell was

4, commissioned and have not yet picked up slqnizicant

., contamination.

4 Radiation levels to personnel during maintenance .
of the most active part of the plant were 0.0l m8v/hr
(1 mr/hr) with correspondingly low contamination -
levels, Maintenance requirements after the initial
'gatting to work' period are minimal.

S5 The new store operates at a depression with respect;
to atmospherlc pressure and therefore any leakage
1s inwaxrds, The level of depression gives accurate:
and continuous indication of integrity of contalnmept.

6 The atorage period in the atore is almost 1nda£1n1t?.

WHAT IS THE SIGIFICANCE OF BEING ABLE TO STORE IRRADIA:_D
[J] 0

whilast the design, manufacture and construction of the 3
large air cooled 4dry stores at Wylfa was being carried '
out, it was realised in the UK that these principles

of dry storage already proven for many years at Wylfa
for magnox fuel, could also be applied to irradiated
oxid"' fuel.. It was therefore decided at that time to
inver. very .ignificant time and effort in a development
programme to demonstrate feasibility of this proposal. :

Since that time, much work has been done and !easibilit&
cost and schedule are now well ontablinhod.

The option of long term storage of irradiated fuel nlldﬁs

a more flexible approach to the question of ultimate
disposal of the irradiated fuel. In particular, the
timing and type of .ultimate waste disposal can be optimised (
in the light of the intrinsic value of the products frgh
the reprocessing cycle and cost of reprocessing itself.
The cost of reprocessing may also reduce due to the ca bilicy
of optimising the rate of throughput of irradiated fuelk:
through the reprocessing cycle which a long term stora
capacity allows.

i
. .
Wwhat Type of Medium/Long Term Store? g

As the need to store irradiated fuel tor mediun/long ﬁ
periods is becoming established, it is necessary to deqprmine
what type of storage best suits tho neod.:

that they consider should be used to measure the adequ

The authors have attempted to list the basig paramotorq%
Y
of the many storage o¢ptions currently boing oonaiderod

around the worla, | #
_ b

1 Safety-Tolerance of the Design Concegt to Meet tbe
Latest sSafety Standards ‘ g

Safety standards to which nuclear inatallationa ar
designed vary throughout the world. Although'the [ "
safety standards that were set for, established desfin

are extremely- high, the variouo accident condition i
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“"number rnd severity. It is likely that this will

decontaminat

-
.. .‘.'

“.that have to Se considered continue to inorease in -

be the .rend in the future and it is therefore necesgpary
-to consider the mechanism of failure of new designs
when the severity of the poatulated hazard is increaped
beyond that dictated by present standards. The aoaigablo
goal must be that any failure will ocour by a proces

of gradual degradation rather than in a catastrophio:
mode., ' N

Doge Rate

Ability of the design of the fuel store to meet the
necgessary functional requirement with the minimum

of additions to the station total man~8v commitment -

18 the objective. With the pond method of fuel atorpge
the water ehielding can be by-passed because possible
corrosion products on the surface of the pond may -
'shine' directly to operators. This is especially

true for magnox clad fuel and the problem exists

to a lesser degree for any other type of fuel, especially
during handling operations. - -

Utilisation of the dry storage principle enables
storage facilities to be designed in which shielding : '
cannot be short=circuited in this way. Although |
it can be demu:atrated that well maintained ponds |
will keep dose ‘ates down to 0.02 ta 0.03 mSv/hr '
(2 to 3mr/hr) it can also be demonstrated that of i
the total station man- Sv commitment, the 'back end’ |
of the station is responsible for a high proportion .

of this operator dose. It must therefore be prudent .

to consider carefully designs that can reduce this:

inorement to negligible proportions.:

Reliability

There is very strong préferencé for phsside'cooling '
systems that rely upon the natural haat tranafer C
methods of convection, radiation and;conduction for °
their safe oparation. Use of an air; environment i
for the irradiated fuel, maintained st a alight negative
pressure, allows the use of containment that although
nominally leak-tight, does not n¢ed sbsolute standard
of leak-tightness to maintain established safety '

standards criteria. Such a design must bo-loll.vulneéable

-

to regulatory trends. .

Waste Generation o 5

. . . .k

Unnecessary generation of radioaative contaminated §
material is both expensive and undesirable. The ~ 1 .-
various systems must be carefully evaluated and g:efe.oncq-
given to the selection of system and prodesses that - # ..

generate the very minimum of radioactive waste and i
contaminated materials. This evaluation must include :
axamination of water treatment fagilities, storage and .
eventual disiosal of radioactive resins and sludqges,
on and the possible need to can fuel-a

. ¥
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‘“s;f Density Factor — o s i

In order to obtain the bast utilisation of land, C.
- high density factor is desirable iph a fuel store,
When comparing the density factors for different -
methods of storage it is obviously necessary to include
all the support systems for the system baing considerpd
together with any waste storage reguirements that 4
may be necessary. Very often density factor compariibns
are made purely on a capacity per storage axea basis
rathaer than a capacity 'per complex’ basis. :

] Experience

It cannot be denied that to date there is far greatar
experience in the pond systen of ixradiated fuel “
storage than any other form of storage., However, -
it ia necessary to take into agoount the fact that
the early deaign of pond installations took place
before the deaign parameters for ifradiated fuel - -
storage facilities became so exacting. It is not
suggasted for one moment that pond-type installatiops
cannot be built to the necessary safety standaxds
but rather that when considered against the latest
design specifications, dry staragd is likely to give
a better overall optimisation of requirements. i

n.1ber of operators for a dry;stqraqq system is ¢ 1ca11y5
ons third of the number required :for a similar cagacity -
pond installation. . : N

e 8 Fuel Bxamination

World-wide thore'ié'ﬁoié'oip;igépoh‘b! atoring irk:

7 Staffing | ; ,z'
1°* has been demonstrated in Britain that the -Lnig;m '

fuel for short and medium pe in watexr than'
any other type of atorage system. Por the long ferm
storage of fuel, however, ¢ e:o;ia little experignce
with any system of storage. It .is necessary thegefore .
to examine the design principles most carefully gnd

to be satisfied that, theorétically, the désign phoul
be adequate. o - '

However, as the ageing procpss is most difficult
to simulate, it is consider; eceasary that whi
type of storage aystem is empldyed, means should
be provided in order that the fuel may be examiy

vith a routine and frequenqy t :=i¢p§q:m;nbd;bﬂ
At no: 1aha tel

experience, in order to'confi ¢ no!lohy tegm .
" degradation trends are pro?qqt} Dry storige ¢npb)
easy examination to take place! without sigmifice ;

increases in total dose rate to the opsgator. § .

9 Radicactive Release

The release of-eohtaminatgd,g'p[gdpqqf g,
to the atmosphere is obvicusiy uadeMs

i
.
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10 'Module-Ability'

The ease with which further storage modules can be |
added is a distinot advantage. Capadity of atorage
aystems can be tailored to closely fqllow the requireqont.
of an opsratonal site.

11 3Schedule

The programme for design, manufacturq and construction

of the first large air~cooled dry stqre at Wylfa

has demonstrated an overall tima-scalae of three years .

for this type of installation. The gecond storxe i '
to a similar design has baen complat in two years.
This performance is considered tg be ample svidence
that dry storage installations for :3:0 type and

[Nl PR - Y

other types of fuel and radiocactive waste c¢an be
completed within three yeare. The ular form of
conatruction also enables a phasod cqmmiucioning

of equipment.
12 Costs . |

-"ﬂ:h‘-‘.i:"‘._'...- P
2

I
i
wWhen carrying out cost comparxlon- ir dit!oront -
systems, it is essential that the s 5y toms being considered
are designed against the same funotignal. lpeoiticat ons..
It is also necessary to include all dosts associated - I
with that system in the comparison., ‘For example, § !
if a certain storage system requires the fuel to 5 |
be canned then the cost of the cans, .the cost of
the canning faocility (or a proportion of the: !acilityj '
if it is common to several stores) and the coat of ﬂ RN
the eventual disposal of the cans mudt be ingluded, - ;
Similarly, when a water treatment plant is involved,
in addition to the cost of the treatment plant, it |
. is alao necessary to include the cosf of storage... i
and disposal of the spent filter resins, etc. The ,
fact that it is difficult to obtain these more diffus
cesats is no excuse for not 1nclud1ng[then ir any %;
comparison.
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cc ﬂé[a
United States Department of State

Washington, _ D.C. 20520

July 25, 1994

TO: SSK -~ Mr. Poneman
FROM: EAP/K - David E._BroJ:;gzs
SUBJECT: Planning for North Korea Energy Options Survey.

SUMMARY. The International Energy Agency (IEA) has begun
assembling available information to support the survey of North
Korean energy options that we proposed to the DPRK on July 8.

A senior IEA official on July 22 indicated that the Agency
could complete a survey of appropriate scope by December,
assuming that the DPRK issues an invitation within the next
month. Its value and impact will depend largely on the extent
of DPRK engagement. The US Nuclear Disarmament Fund (NDF)
could cover most or perhaps all of the relatively modest cost
(under $200,000) of the survey. END SUMMARY.

Linda Gallini and Steve Saboe of PM, Fritz Maerkle of EB, and I
met on July 22 with Bob Skinner, the IEA official who would
organize and lead its proposed study of the DPRK'’s energy
policy options. Skinner directs the IEA’s Long-Term Policy
Office. 1IEA staff have designed and carried out similar work

in a number of Eastern European countries and USSR successor
states. :

The meeting reconfirmed that the IEA work would be designed to
help North Korea to identify practical ways to increase the
efficiency of its energy production, distribution and end-use
across all fuels and technologies, taking its present command
economic system as a given. An implicit purpose would be to
show the DPRK that its scarce resources can be more
productively invested in conventional energy development than
in nuclear power. _

We discussed the IEA’s requirements for DPRK contacts and
preparatory information for the survey and financing. Skinner
said that the IEA will need an invitation from the DPRK’s
energy minister or equivalent before it can begin a study. To
focus its field work, the IEA intends to assemble readily
available information from China, Russia, the UNDP, and the -
Nautilus Institute and other US sources. It will seek on the
ground support from IEA member countries with embassies in
Pyongyang, e.g. Switzerland and Sweden.

Skinner expects the IEA study would require two trips to North
Korea. The first would be a brief visit by Bob (a Canadian)
the IEA’s South Korea "desk officer" (an Australian), and an

Uuo
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interpreter to establish contacts and gauge North Korean
willingness tJ welcome a larger mission. Skinner and Peter
Hayes of Nautilus Institute are discussing Hayes’ participation
as well. Parameters of the second, longer trip would be set by
the results of the first visit.

Steve Saboe said that the NDF could fund expenses of the
study, including travel by non-Americans. We asked the IEA to
seek additional funding from other member states, to give the
work a multilateral flavor. Saboe emphasized the need for
close IEA cooperation with NDF budgeting and documentation
requirements, so we can prepare a proposal which could
withstand the required Congressional review. Saboe will meet
with Skinner in Paris late in July to further explain NDF
procedural requirements.

cc: SSK - A/S Gallucci
EAP - DAS Hubbard
PM/RNP - JWit
PM/NE - LGallini
NDF - SSaboe
EB/IEP - FMaerkle/EDesantis
DOE/IE - RPrice/DPumphrey
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